380350 


ADACS 


UAEMOPA -y PRUUQ Pus EnerMessy CIN ‘UOT 
“ivi @ senueymiay 55 Mt COR) wey 


S 6 eee ee eet 


we teed 9 ae Se SS 


fa) KO. 


DE FILE COPY. 


Sa a a. s 
HDL-TR-1788 ( [yD Ny 
Saar? 
— : { a” 
uv 


RARE EARTH 1ON-HOST LATTICE INTERACTIONS 
13. Lanthenides tn YAIO, — 


Feb 977 AVATAR | is =a 
ebruary 1 BY ih Ee ‘Oi 
an puny ose 


D cs ao 
t 


car ae i 


fy 
uf 194 us yeh 


U.S. Arety Muterial Develo -ment 
and. Readiness Command 


HARRY DIAMEGND LABORATORIES 
Adelphi, Man' nd 20783 


AOPROATT FOR PUBLE MULEASC ONTRIBUTION AHL Ma ITED. 


Sa | Ree ett 


DISCLAIMER NOTICE 


THIS DOCUMENT IS BEST QUALITY 
PRACTICABLE. THE COPY FURNISHED 
TO DTIC CONTAINED A SIGNIFICANT 
NUMBER OF PAGES WHICH DO NOT 
REPRODUCE LEGIBLY. 


x Gage i 
wee! nat al har IR sa like SE te oem “ 


a 5 


~, 


e “¢ 


The finding: in this coport are ant to be construed 48 4n official 
Departreat of the Army position unless so deaignated by other 
authorized documents. 


Citathon of manufacturer’ ov trade names does pot constitute 
an official Gidencmea? ov approval of the use thereof 


Destroy this report when it it no longer seeded Oc not cetum 
af to the uriguiator. 


} 
, 
! 
] 
' 
, 
j 
, 
‘ 
: 


___UNCLASSIFIED 


SECURITY CLASSIFICATION OF THIS PAGE (When Date Date Bt Entered) 


REPORT DOCUMENTATION PAGE _ 


TITLE (end Subtlilay 
| jRare Earth Ton-lHost Lattice Interactions, 
(Ge 13. vanthanides in YA1B'. 


aa 
% 


, ee altel 


za B HOR). 
(fi), Clyde A./ Morrison, : 
Nick /Karayianis fn161102anas | 
Donald E /Wortman ene “ 
e7 SRNINE AUTH KooRESSCCSCSC~—S—CSstSSCS RRoon Ay & ELEWENT. PROJECT, TASK 
Harry Diamond Laboratorics onic UNI WUMaE 
2800 Powder Mill Road 4 Program: 6.11.02.A 
Adelphi, MD 20783 
41, CONTROLLING OFFICE NAME ANO ADORESS \) 432. .AERPQATLBRATE.. omenet 
Commander ; 
US Army Electronics Command 
Ft Monmouth, NJ 07703 
» MONS IN GENCY NAME ADDRESS (If different from Controlling Office) 1%. QECURITY CLASS, (of thie report) 
: . a UNCLASSIFIED 
7 ee ea f v4 “War” BEC) AESIFICATION/ GOWN GRADING 
edge o : HEDULE 


@ CISTRIBUTION STATEMENT (ol thle Report) 


Approved for public release; distribution unlimited. 


os Dennen eee se 


ne 


» SUPPLEMENTARY NOTES 
HDL Project: 308637 
DRCMS Code: 611102,.11.H46H1 


bog oe i 
1 


| apr 12 1977 


each eee 


' + REY WORDS (Continue on reverse aide if necessary and identity by block number) 
Yttrium aluminate A 
Optical abso:ption and fluorescence spectra 
Crystal field parameters 
m4 Rare earth spectra 
Lanthanide spectra 
. a ead (Conthtue en reverses side if rreeeeeary and identify by block number) 


~Phenomenoloyival even-fold crystal field parameters, Bem 

ae are obtained for triply ionized Nd, Tb, Dy, Ho, Er, and Tm in 
YA10; by diagonalizing a Cy (Cy) crystal field Hamiltonian in 

a free-ion wave~function basis, These parameters are reduced 

to give the part of the crystal field components, Ak mi due solely 

Bf to the crystal lattice, and new Pam ,are then calculated for all, 

y 


| 

' 

% the lanthanides by using previous derived Oe where Byrn = ahkm| —~ of, 

‘ { DO cans 1473 cortion oF | wov bis OBSOLETE i a See eee r 

bf SECURITY CLARSIFICATION OF THIS PAGE (When liata Entered) 

wy HO 
ef Ae es 


<i A ee es 


Ae ae eee ed a 


al 4 3 al L 
SECURITY CLASSIFICATION OF THIS PAGR(When Data Entered) : 
: 
Ay : 
- ‘The latter Bem are used to calculate the energy levels of the j 
lower J-multiplets for the lanthanide series in YA10,. 4 
“ ~~ 
q 
i 4 
4 
; 4 
{ 
1 ft 
a 
4 4 
a 
1 4 
an 1 
i 
i. 4 
a 
y . 
| 2 ____ INGUASSIFIED. . 
¢ SECURITY CLABBSIFICATION OF THIS PAGE(When Data Knterad 
he : 


SER ceeustateedoarsied a Al omens enteehninae 0tthtteeemeteesig 
Ra Awag wee sani SENT ATER TT Tn 
ee ee rntrcteale 
a RIS eT 2 ete peptone pies 


CONTENTS 


de “TNYRODUCTION 38 a. She kts a ete: eh ate a 4 a Se 5 


ad 


eo, ACALCULNPTONS . t5:.4, tet artat Se Lado en WER ae ay do Ve ee el oh Re i) 
Sax SUMMARY 9 oe ae Bl he er ee ee Se eae Se 
LITERATURE CITED 6 6 6 6 0 0 6 6 oe ee ew we ew oe we te te we 88 


DISTRIBUTION «6 6 6 6 ew ee he ee ew we ew ee ee kt 


TABLES 


I Phenomenological Crystal Field Parameters, B 


VII 


VIIT 


XIT 


XIII 


Triply Ionized Lanthanides in YAl03 ..... 4. 
Values for o, ® 7k Cri - o,) in RRS Doak 


Crystal Field Parameters, Baa for 
Lanthanides in YAL0, . . . 1 ae 


Crystal Ebend Parameters, We aye and 
for Pr3* in YALO3 ab beer 


Energy Levels and Phenomenaloyical 
Parameters for Nd?* in YAO; «4 6 


Crystal Field Parameturs, 110, and 
FOE ING Ai VAM i ok ye 


Crystal Pield Parameters, Byiyy and 
foe Ga PAs en Yee ed 


Crystal Field Parameters, Bum! and 
for Site Tae VA Oe. S's oe a ee g 


Crystal ated Marameters, Byy, and 
for Ra A PALO Ba ao eS 


Crystal Field Parametars, Bum, and 
forGd?" tn VAY Ga oe ae 


Energy Lovel:ss and Phenomenological B 


in YALUg. © 2 © we ne we ee 


Crystal Field Parameters, Pm’ and 
for Tb’* in YAL03 .... wh es 


“nergy Levels and Phenomenological 
Parameters for py?* in YALO; . . 


Triply Ionized 


. oe se 6 8 8 


Energy Levels 


¢ eos e Cn 


Crystal Field 


o 6 8 6 es e 


Energy Levels 


. e 8 © 8 6 ‘ 


Energy Levels 


. eo. » 8 8 48 


Energy Levels 


Energy Levels 


Energy Levels 


. eo 8 oe oe . 


7 34 
jen for Th 


Energy Levels 


Crystal Flold 


16 


18 


20 


23 


24 


26 


TABLES (CONT'D) 
bage 


XLV Crystal Field Parameters, Bem, and Energy Levels 
fOr Dy)” AN VALO go yes We ee eae ce wo dee A i i ee, DT 


XV Bnergy Levels and Phenomenological Crystal Field 
Maransbera fon Ho P Gis VALO4 ie. Go-as Bs We qi cs Pac aD wee a SGA 
XVI Crystal Field Parameters, Bye and Energy Levels 
for No3* in YALO3 . 2. 6 eo Bu ee a Wee RG 
XVIT-XVICTI Energy Levels and Phenomenological Crystal Ficld 
Parameters for Brit in YALOq, 6. 6 ee ee ee ee ee BNR 
XIX Crystal Field Parameters, By 4, and Energy Levels 


for ‘Re oF Aa YAlO ss a4 es oo aes: cb dae He epee Pewee en 


XX Fnergy Levels and Phenygmenologival Crystal Field 
Parameters for Tm?* dn YAlOg; «ee ee ee et Sea aa 


XI Crystal Field Parameters, Beye and Energy Levels 
foe tn Ln YAlOsg. ae ke eee 


Coe. tee ONS a BE aah Gr def 


XXIT. Amplitudes, Crystal Field Components, Ay in 
om?! Ak, of Spherical Decomposition of 
YALO, Lattice Sums ..... 


. . . . e . . . . . . . e 3 G 
XXIIT Amplitudes, Crystal Field Components, Am, in 

am”! atk, of Spherical Ducomposition of 

YALO. Lattice Sums for Bven Values mE ko. ee 8 ee ee) 87 


ranean seperti starr SE: TE Le 


as 


2 


1. INTRODUCTION 


The optical spectra of a number of triply ionized lanthanides in 
yttrium orthoaluminate (YA10;) have been reported, !~6 Because of the 
excellent laser properties of this material, ! we have examined these 
reported spectra in order to obtain a unified theory of the crystal field 
interactions at the laser ion site in YAI10;., In ‘thie report, 


phenomenological crystal field parameters, B for triply i:onized Nd. 


' 
Tb, Dy, Ho, Er, and Tm were obtained by Seay te ies a CA fy) crystal 
field Hamiltonian in a free-ion wave-function basis. The parameters were 
reduced to give the part of tha crystal field components, Aan’ due solely 
to the crystal lattice, and new Bin were then calculated for all the 
lanthanides by using previously derived’ Pye where Bim = Pe Aem” These 
Bain wera then used to calculate the energy levels of the lower 
J-multiplets for the lanthanide series in YA103. 


2. CALCULATIONS 


The point group symmetry” at the yttrium site in YALO, is Ca(Cy yd 
which includes a reflection plane in addition to the identity operation, 
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If the a-axis is taken perpendicular to the reflection plane, the crystal 
field Hamiltonian is of the form 


HO BD » k= 2, 4, 6+ m=O, +2, ... tk, (1) 


x em emo dem 


where the Ba in for m # O may be complex. With no loss in generality, we 


chose real Bo» and imaginary By? * OO. 


The crystal field Hamiltonian was diagonalized in the low-lying 


J=-multiplets of free-ion wave functions,” and the Bim wera varied to 


obtain best fits between theoretical and experimental energy levels 
reported for Nd,*-3 qb," py,” Ho,” Er°s° and Tm.5 The resultant 
best-fit parameters are given in table I, where the next to last four 
columns give the number of J-multiplets diagonalized, the number of 
levels in these multiplets, the number of experimental anergies used, and 
finally the rms deviation between these energies and their corresponding 
theoretical anergies. The multiplets included for each ion were 
(1) the “t term, "Py/p, and "Foy for Nd) (2) the 7F term and D, for Tb; 
(3) SHyayoy rayon Lifes gee and "Py yp, 5p FOX Dyy (4) “Ta Ty tah and 


1,4 for Ho; (8) the "I term, "Poyor and "Sa7o for Mry and (6) the 4H 
term, IP 724 and 1g, for Tm. The lack of sufficient data in some cases 


plus ambiguities owing to overlapping multiplets governed tha choice of 
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FOR TRIPLY IONIZED LANTHANIDES !N YAIO3 
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multiplets and experimental energies that were used in the fitting 


procedure. Table I, line 6, gives the set of initial Bam for Er that 


were chosen to begin the fitting procedure. For starting parameters, 
previously reported parameters for Er:yttrium aluminum garnet 


tyaq) |? were used. Since the YAG crystal field is real, imaginary 2B,» 


was arbitrarily set at 200 om7}, 


ed 


Subsequent choices for starting parameters for the other ions were 
chosen by scaling the Ho parameters, which were obtained by averaging the 


best-fit Dy and Er phenomenological B,_, according to the PP in table II. 
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are host dependent only, The <r*> are 
b} 


where it is assumed that the Abn 


smoothed values of Freeman and Watson, 


1? 


the ar are linearly interpolated 
calculations of Erdos and Kang, and the tT are quadratically fit 
wave-function expansion parameters fovnd in studies of lanthanides in 
cawo,. '3 The Bam for the lanthanide series obtained by using these My 
values of table II in equation (3) and the Bim for Dy and Fr of table I 


are given in table III. 


Energy levels calculated hy using the Bin of tables .I and III for 
the lowest-lying six to eight multiplets of the lanthanides in YA103; are 
given in tables IV to XXI. 


To make intensity calculationa, some estimates of the odd-fold 
(odd-k) Aum are necessary. ‘Shes oan be obtained by appropriate lattice 
sums." rn this work, we have performed the lattice sums for YA10i using 
the x-ray data of Diehl and Brandt for oxygen charges I" -l and “2; 
the results are given in table XXII. The one-fold field, Aim! was not i 
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included because of its slow convergence, By appropriate rotations of 


the coordinate system chosen for the calculation of the Ayn of 
table XXII, different sets of Alan can be generated. Thus by appropriate 
rotation, the sets of Mem for dg = ~l and -1.5 given in table XXIII were 


calculated. Since the Ayan are linear functions of Ign & value of Ip can 
be chosen by using equation (3) and the Pe of table II to obtain a best 
fit of calculated Bhim to phenomenological Bam’ The results of this 


calculation give dp * -1.52, and the corresponding An are reported 


| 2 
elsewhere. |” 


3. SUMMARY 


Reported energy levels for Nd, Tb, Dy, Ho, Er, and Tm were used to 
obtain phenomenological, Bim that. yielded least~rms deviations between 
these levels and levels calcuiated by using the Hamiltonian given in 
equation (1) and unpublished theoretical methods and computer programs. 
These parameters were then scaled to get aven-k Bum for the entire 
lanthanide series in YA10.. It is expected that these Bim will at least 
serve as starting parameters fr the analysis of yet unreported ions in 


YA10,. No intensities were calculated because the symmetry of the 


could be made as was done’ for the lanthanides in YAG. 
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